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The research paper explores an optimum water extraction technique using synthetic aperture radar (SAR) data to give the 
flood inundation map for irregular flood scenario, in which the planned algorithm depends on thresholding technique using 
MRS amplitude SAR data. For classification, supervised maximum likelihood method is used, and gamma filtering 
technique was used for speckle removal. Since water layer in SAR data has low amplitude value, thresholding technique for 
amplitude SAR data could efficiently take out water layer. The mean backscatter basics of water layers in SAR data is not to 
be compared with inundated regions caused by sharp release and is not considered as a terrain value. The speckle filtering 
method was used for the power generated noise subtraction using a window size 5x5. The threshold values were calculated 
from backscatter values and their average was taken as threshold, which gives clear difference of backscatter values between 
the land and the water in the river and the flood plain areas. The maximum likelihood classifier provides 99% overall 
accuracy. The Landsat 5 TM data was used in this research for delineating water feature and flood accurately. The results 
obtained from SAR data were validated with Landsat TM data. Finally, the flood inundation map using optical data and 
SAR data was generated. 
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Introduction 
Flood is the form of local inundation due to heavy 
rain or due to accumulation of runoff/discharge after 
heavy rain in the catchments due to breach of 
embankment. In India, during 1953 to 2004, about 
397 Mha area has been affected due to floods as 
reported by CWC (2005). During these years, about 
185 Mha crop land has been affected, damaging 6.4 
crore houses, affecting lives of 1.7 billion people and 
killing 49 lakh cattles. Thus, the understanding of 
rainfall pattern, effect of climate change, river flow 
dynamics and mapping of flood plain during monsoon 
season is the key to minimize the risk of flood around 
a river basin. The present study concentrates on the 
analysis of discharge pattern of the Krishna River and 
estimates the flood inundated areas in and around the 
river basin1. Synthetic Aperture Radar(SAR) data 
proved invaluable for the spatial characterization of 
floods2 due to its all-weather/ all-day imaging 
capability and the low backscatter recorded for water 
due to specular reflection3. Two kinds of information 
can be extracted from SAR image: First one is the 
flood inundation area extent mapping using normal 
MLC (maximum likelihood classifier) method4 and 
second one is the flood inundation area by 
thresholding method. The SAR derived flood extent 
can be effectively used as a calibration target to 
constrain the classification and minimize its 
prediction uncertainty5. 
 
Study area description 
The study area selected was severely affected by 
floods in 2006 and 2009. At Krishna barrage, 
Vijayawada, AP, floods occurred 13 times from 1903 
to 2009. The study area of lower Krishna lies between 
latitude 15°35'20.18"N to 16°49'44.92"N and 
Longitude 79°58'30.75"E to 81°14'38.07"E.  
 
Data used 
Two sets of SAR data at pre-and post-flood stages 
have been planned based on the flood occurrence. The 
first date coincided with the pre-flood stage (03rd July 
2006) and the second date was acquired post flood 
stage (26th August 2006). The two data sets provide 
normal water features and flood inundated areas 
accurately. For this study, ENVISAT ASAR images 
were acquired from the European Space Agency. 
ENVISAT ASAR imageries during 2006 floods in 
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HH, HV and VV polarization modes were available. 
The images acquired were in C-band having 5.6 cm 
wavelength, with pixel spacing of 12.5 m and spatial 
resolution of 30 m. The incidence angle of the images 
in the study area varied between 15° and 45.2°. The 
floods were mapped on these dates when the water 
extent of the Krishna River was closest to the 
maximum and HH-polarized ASAR images were 
available.  
 
Methodology 
The methodology involved pre-processing of SAR 
data, linear to dB conversion, speckle filtering, image 
geo-referencing and sigma naught image generation, 
subset image training data sets using ROI tool, 
classification of images and flood extent mapping 
using thresholding technique and comparing the 
statistical analyses. Figure 1 shows the methodology 
flowchart of SAR image processing and generation of 
flood inundation map. Figure 2 shows the study area 
of Landsat-5 TM Imagery. 
 
Pre-processing 
Processing of the ENVISAT ASAR level-1 data 
was carried out using SNAP software. The L1 product 
was available in N1 format. Both HV and VV images 
were imported to SNAP (Sentinels Application 
Platform) software, amplitude data was used to 
process primary step for linear to dB conversion and 
speckle noise removal was applied using gamma filter 
method with 5x5 kernel size. The brightness 
variations were observed in the SAR data due to the 
noise in far range as well as near range. Calibration 
for HV and VV polarization amplitude data was 
analyzed with the calibration constant in the form of  
dB = 20×log10(DN) – calibration constant Geometric 
corrections were applied to convert slant range to 
ground range and geo referencing the SAR data was 
done using UTM/WGS 84 projection. Finally the 
sigma naught image was generated and exported in a 
geo tiff format. The sigma naught images were 
imported through ARC GIS to provide the standard 
deviation. 
 
Thresholding technique 
Thresholding technique can be used to derive the 
exact flood inundation area by fixing the range of dB 
values. Threshold value mentioned as aT Gray level 
images are converted into binary image before they 
could be separated from the whole image. Binary 
image consists of all information about the study 
location and objects of our theme. The main 
advantage of binary image is that it helps in reducing 
the complexity and simplifying methods for 
discrimination. Image classification is done by 
applying a single threshold value, which finally 
classifies the below gray level value as zero and the 
above gray level value as one3.  
 
Image classification 
Supervised classification generally performs better 
than unsupervised classification. Accordingly, the 
flood inundation mapping and feature class 
discrimination is done using both supervised and 
unsupervised classification methods. Unsupervised 
classification methods do not require training 
samples; but they do require spectral clusters, 
maximum iteration and convergence to achieve the 
 
 
Fig.1 — Flow chart for amplitude SAR data analysis 
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overall accuracy. Supervised classification, maximum 
likelihood classification, is based on the probability 
criteria considering the neighbourhood pixel and 
requires providing training samples6.  
 
Results and Discussion 
The results of SAR data consist of surface 
roughness, dielectric constants and mean backscatter 
values, flood inundation map using classification 
methods, threshold technique and optical data results. 
 
Optical data analysis 
Unsupervised classification, based on the 
maximum iteration clusters and convergence, 
calculates the pixel values using minimum distance 
technique until the maximum iterations counts are 
reached7. 
The Landsat TM data of land use land cover map 
was generated using unsupervised ISODATA method. 
The Landsat TM data was taken on 20th October 
2006, near the flood period. The ISODATA method 
was applied to classified water and flood. 
Unsupervised ISODATA clustering method was used 
with maximum iterations of 10, convergence 
threshold of 0.95, and 20 spectral clusters. The flood 
layer and water body extracted from the whole image 
and zero applied to other spectral class. Finally, the 
flood inundation map was generated. Figure 3 shows 
the unsupervised classification image. 
 
SAR data analysis 
Synthetic aperture radar data has more complexity 
compared to optical data, but it can penetrate cloud 
and provide information about the object. Dual 
polarization SAR data for pre-flood and during flood 
was analyzed. The mean back scatter values differed 
for water bodies and flood layer and also 
contaminated water and fresh water. The river 
permanent water bodies ROIs were taken as training 
samples along with all the features by applying MLC 
classification. The threshold range was set for HV and 
VH as -16 to -22dB. Cross-polarization always 
consist of similar mean backscatter values8. Flood and 
water layer signatures were analyzed based on the 
polarization and also threshold ranges. HH 
polarization provides very high back scattering value 
and the threshold ranged between -9 to -15Db9.  
 
Flood delineation using thresholding technique for 
SAR data 
The analysis was carried out using temporal SAR 
data taken on 03rd July 2006 and 26th August 2006 per 
and during flood dates, respectively. To the case of 
improper rage adoption the threshold range will 
provide either over-estimate or under-estimate values. 
So, it is important that the threshold range should be 
clear before classification of data. The flooded areas 
were discriminated and validated based on the optical 
high resolution images from the derived SAR data. 
There is more difference for cross-polarization and 
co-polarization data and HV-polarized image 
provided good results as compared to other 
polarization mode. Figures 4 and 5 show the pre flood 
 
 
Fig. 3 — Unsupervised image 
(Class-1 Red: Water layer and Class 2 Green: Flood) 
 
 
 
Fig. 2 — Landsat-5 TM Imagery 
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image and MLC classified image on 3rd July 2006. 
The green circle in Figure 6 shows the flood water in 
VH polarization. Partially submerged features were 
discriminated using VV polarization. The threshold 
range adopted for HH polarization -9 to -15dB; HV 
and VH polarization -16 to -22dB and VV 
polarization -18 to -23dB. These were the optimum 
rage of threshold range for exactly delineating flood 
features.  
Figure 7 shows during flood and MLC classified 
image on 26th August 2006. Figure 8 shows the final 
flood inundation map of the study area. 
 
Accuracy assessment 
The optical and SAR data classification accuracies 
of pre-flood and during flood in Krishna River as 
achieved by two date dual polarization data of C- 
band is depicted in Table 1. 
Accuracy assessment of the classified flood layer 
was based on the independent validation samples. For 
each class, justification ROIs were easily found and 
located within the study area from SAR data and 
permanent water bodies. The overall classification 
accuracy and kappa statistics projected from the 
confusion matrix using the ROIs validation samples 
are shown in Table. 110. The performance of the 
unsupervised classification was very good because the 
algorithm consists of training samples and so the 
flood layer extraction was generated easily  in  optical  
 
 
Fig. 4 — Pre-flood image APM (03rd July 2006) (R: HH, G: HV 
and B: HH) 
 
 
 
Fig. 5 — Pre-flood MLC classified image (03rd July 2006) (Sea 
Green – Water layer and Black – Land features) 
 
 
 
Fig. 6 — During flood image APM (26th Aug 2006) (R: VH, 
G: VV and B: VH) 
 
 
 
Fig. 7 — During flood MLC classified image (26th Aug 2006) 
(Blue – Water Layer, Red – Flood Layer and Black – Land 
Features) 
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Fig. 8 — Flood inundation map (Red – Flood inundated area) 
 
Table 1 — Accuracy assessment for pre-, 
post-flood and optical data 
S.No. Classification  Method 
Overall 
Accuracy (%) 
Kappa 
Coefficient 
1 (Isodata Method) 100 1.0 
2 Maximum Likelihood 
Classification Pre Flood 
86.74 0.8187 
3 Maximum Likelihood 
Classification During Flood 
99.1 0.9897 
 
data set. In the maximum likelihood classification, 
many pixels are identified as fallow since the ROIs 
collected for this particular class are known to be 
mostly mixed pixels that encompass a substantial 
region in the feature space compared to the other 
features. The main advantage of the maximum 
likelihood classifier in the present study was that it 
had probability based function. The SAR data overall 
accuracy achieved for maximum likelihood 
classification for pre-flood and during flood was 
86.7% and 99.1%, respectively. The kappa co-
efficient for the two periods was 0.818 and 0.989, 
respectively11.  
 
Conclusion 
The innovative and recent use of thresholding 
technique method provided optimum flood water 
delineation using ENVISAT ASAR data. The range 
of threshold was applied in HH polarization from  
-9 to -15dB and in HV, VH polarization from −16 to  
−22 dB and in VV polarization from -18 to -23dB. 
The rapid flood layer delineation and classification 
was achieved by using the above optimum threshold 
ranges. Backscatter values were very high and so was 
the potential for delineating flood layers in HH 
polarization and then HV, VH and finally VV 
polarization. Optical cloud free data provided very 
good classification results and flood inundated area 
was obtained very accurately. Cross-polarization 
provided adequate flood maps compared to VV 
polarization. In VV polarization, the surface 
roughness is very sensitive and so the backscattered 
value was very low. The optimum threshold ranges 
finalized by way of various experts analyses were 
applied to ENVISAT ASAR data and flood 
inundation map was generated. This flood map can be 
utilized by concerned national disaster mitigation 
agencies.  
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